ABSTRACT Aim: Inhaled racemic adrenaline was used for bronchiolitis in many hospitals in Finland prior to new national current care guidelines for bronchiolitis in 2014, which limited its recommendations to on-demand rescue therapy. We studied the drug's use before and after the new guidelines to gauge changes in prescribing habits.
INTRODUCTION
Acute bronchiolitis is a common respiratory disease in infancy and in Nordic countries, it is defined as the first episode of respiratory distress, with or without wheezing, before the age of 12 months (1) . In contrast, the guidelines issued by the American Academy of Pediatrics in 2006 (2) and the UK's National Institute for Health and Care Excellence in 2015 (3) are based on an upper age limit of 24 months. The incidence of bronchiolitis is high in children under the age of one, with one in three presenting with mild-to-moderate bronchiolitis and 1-3% with severe bronchiolitis being treated in hospital (2, 4) .
The treatment of acute bronchiolitis has included inhalations of hypertonic saline, racemic adrenaline or salbutamol, inhaled or systemic corticosteroids and repeated suctioning of the airways. However, none of these interventions have proved to be effective (5) (6) (7) and none of the current guidelines on managing bronchiolitis recommend routine use of bronchodilators or corticosteroids (2, 3) .
Cleaning the airways with suctioning is only useful if there is much mucus in the respiratory tract and is not recommended when there is just mucosal swelling. Some research-based evidence has been published that suggests that inhaling racemic adrenaline may be useful in selected patients with bronchiolitis (8) , but mainly as a rescue therapy (9) . The cornerstones of the treatment for bronchiolitis are still monitoring breathing and feeding, and 
Key notes
We examined the use of racemic adrenaline in four Finnish university hospitals from 2012-2016, before and after 2014 when national current care guidelines on bronchiolitis limited its recommendations to ondemand rescue therapy. The overall use of racemic adrenaline more than halved, suggesting that the guidelines had an impact on clinical practice. However, we continued to find differences in its use between the hospitals before and after the guidelines were published.
supplementary oxygen and fluid and ventilator support if needed.
In the summer of 2014, national evidence-based current care guidelines for treating infant bronchiolitis and other lower respiratory tract infections in children were published in Finland (10) . These guidelines did not recommend the use of racemic adrenaline for the routine treatment of acute bronchiolitis, but stated that it could be used as an ondemand rescue therapy.
In children's hospitals, the only common indication for the use of racemic adrenaline in recent years has been acute bronchiolitis (1) . Other less common uses have included treating acute laryngitis, acute severe asthma and as a rescue therapy for laryngeal spasms during, or after, intubation.
Although different evidence-based guidelines are now being published more frequently in many countries, their effectiveness has been insufficiently studied (11) . However, a 2017 study reported that the implementation of the UK bronchiolitis guidelines, which were published by the National Institute for Health and Care Excellence in 2015 and supported by a simple educational intervention, reduced the number of chest radiographs and antibiotics prescribed for bronchiolitis (12) . In the United States, the publication of the 2006 American Academy of Pediatrics bronchiolitis guidelines was associated with reductions in the use of resources, including chest radiographies, bronchodilators and corticosteroids (13) .
The aim of this study was to evaluate the impact of the 2014 Finnish evidence-based current care guidelines on the treatment of bronchiolitis in four university hospitals in Finland. The consumption of racemic adrenaline was assessed each year from 2012 to 2016, before and after publication of the national guideline on the treatment of bronchiolitis in 2014.
MATERIAL AND METHODS
This study evaluated the consumption of racemic adrenaline in the paediatric departments of four Finnish University Hospitals -Kuopio, Oulu, Tampere and Turku -using hospital pharmacy records. We estimated the consumption based on the numbers of doses of racemic adrenaline (racepinephrine 2.25% 0.5 mL) that the hospital pharmacies delivered to the paediatric departments of the hospitals. As well as analysing total consumption, we obtained detailed information on the amount used by the different paediatric units, such as the paediatric emergency room, the paediatric infectious disease ward and the paediatric intensive care unit (PICU).
Cost data on the actual drugs were obtained from the pharmacy at Tampere University Hospital and we used other data from the hospital on associated factors, such as staff time. All the costs were evaluated using 2017 prices and were reported as Euros. The doses of racemic adrenaline cost €2.30 each. The nurses' time was evaluated in hours and their salaries were not taken into account in the cost calculations. We estimated that it took 10 minutes to check the doctor's order, prepare the drug and solution ready for use and give the nebulised drug to the infant. This time was under-estimated rather than over-estimated and any time taken to reassure the infant was not included, although it was often needed.
The numbers of infants under the age of 12 months admitted for bronchiolitis to the paediatric emergency room of Tampere In addition, we retrieved Government data on the number of children under 16 years of age covered by the four hospital districts and these were: Tampere (91 010), Oulu (88 094), Kuopio (26 518) and Turku (78 641) (15) .
The consumption of racemic adrenaline was expressed as crude numbers of consumed doses and as the number of consumed doses per 10 000 children aged less than 16 years in the population.
RESULTS
There were substantial differences in the yearly consumption of racemic adrenaline between the four university hospitals both before and after publishing of the bronchiolitis guideline (Table 1) .
There was also a significant decrease in the annual use of racemic adrenaline between 2012-2013 and 2015-2016 in Kuopio and Tampere, but not in Oulu where the baseline consumption was already low (Table 1 ). In Turku, the baseline consumption was modest and there was a constant decrease during the study years (Fig. S1 ). The highest consumption in 2012 was in Tampere (3295), followed by Kuopio (2283), Turku (1135) and Oulu (468), but this had fallen by just over 54% in 2016 and the order had changed to Kuopio (1373), Tampere (773), Oulu (650) and Turku (326). When the rates were presented per 10 000 children under the age of 16 in 2012 and 2016, they were 846 and 734 in Kuopio, 366 and 85 in Tampere, 144 and 42 in Turku and 56 and 74 in Oulu. The overall reduction in the use of racemic adrenal across the four hospitals during the study period was just over 54%.
In 2012-2013, when the consumption of racemic adrenaline was common in Tampere and Kuopio, two-thirds of the consumption was in paediatric wards handling infection diseases. This was mainly due to the fact that the most common cause for hospitalisation was bronchiolitis and those patients were given racemic adrenaline inhalations. Although, the indications in the emergency room and PICU showed more variations, bronchiolitis was also the most common disease treated with racemic adrenaline.
The number of children admitted to the emergency room at Tampere for bronchiolitis was available and the average numbers of doses delivered from the hospital pharmacy for admitted children were 14.7 in 2013, 11.5 in 2014 and 4.5 in 2015. In 2016, when there was a severe RSV epidemic in Finland, the total numbers of laboratory-confirmed RSV infections were 2.5, 1.7 and 2.0 times higher than in 2013, 2014 or 2015, respectively.
The annual medication costs tended to be stable in Oulu and Kuopio and decreased in Tampere and Turku, reflecting changes in their use of racemic adrenaline. In 2012, the annual costs varied from €7579 to €1116 and in 2016, they varied from €3158 to €750 (Table 2 ). Another notable expense was the time that the nurses spent preparing the medicines and solutions ready for use and administering the nebulised medicines to the infants. In 2012, the annual working time varied from a total of 186 to 1263 hours for the four hospitals and in 2016, it varied from 125 to 526 hours ( Table 2) . The largest decrease, of 967 hours or 25.3 working weeks, occurred in Tampere. Other expenses that should be taken into account, apart from the cost of each drug dose (€2.30), were the two needles and two syringes required for one dose of racemic adrenaline (total €0.15), 2 mL of normal saline solution per dose (€0.03) and the pro-rata purchase price and servicing of the nebuliser (€2.38) for each dose. These repeated costs €2.48 per dose depended on the number of racemic adrenaline doses that were used. In 2012, the repeated costs ranged from €1193 to €8106 and in 2016, they ranged from €802 to €3378.
DISCUSSION
Racemic adrenaline inhalations have been widely used in the Nordic countries to treat bronchiolitis (1, 9) . The accumulating evidence against the routine use of adrenaline (2, 9) , meant that its use was not recommended for clinical practice when the Finnish evidence-based current care guidelines were published in 2014 (10). This study was conducted to evaluate the impact of these guidelines on clinical practice comparing the two years before and after their introduction.
There were three key results that emerged from our study. First, the use of racemic adrenaline decreased substantially after the Finnish guidelines were published, based on the number of doses delivered by pharmacies to the departments in the four university hospitals. Second, although the use of racemic adrenaline fell after the guidelines were published, its use continued to vary considerably between the hospitals, especially with regard to the population-based analyses. Third, the medication costs were relatively Table 1 The number of doses of racemic adrenaline (2.25%, 0.5 mL inhalation solution) delivered from the pharmacies to the paediatric department in the four Finnish university hospitals. The data are presented separately for the emergency room (ER), paediatric infectious diseases ward (ward) and paediatric intensive care unit (PICU) The ER costs were included in the ward costs and could not be obtained separately. modest, but time that the nurses spent administering racemic adrenaline showed a notable decrease. These results suggest that the evidence-based current care guidelines contributed to real-life treatment practice. In the present study, the greatest decrease in the consumption of racemic adrenaline was mainly seen, as expected, in the hospitals that used the greatest quantities before the guidelines were issued. In the United States, the overall consumption of bronchodilators in bronchiolitis decreased modestly, from 70% to 58% in 2008-2012, after the 2006 American Academy of Pediatrics guidelines on the management of bronchiolitis were published. However, the figures for racemic adrenaline were not given separately (16) . In hospitalised children in the United States, the use of racemic adrenaline for bronchiolitis decreased from 17.8% in 2004-2005 to 12.2% in 2007-2008 (17) . On the other hand, some reports concluded that the use of bronchodilators remained stable after implementation of the 2006 guidelines, both in ambulatory and hospital settings (18, 19) . A study published in 2017, reported that following the publication of the 2015 guidelines on managing bronchiolitis by the UK's National Institute for Health and Care Excellence, a secondary paediatric unit in England performed an educational intervention and the use of salbutamol decreased from 36% to 24%. However, the authors pointed out that racemic adrenaline was not used by this hospital, either before or after 2015 (12) .
The use of racemic adrenaline varied a lot between the four university hospitals in our study. A study of three of the four Finnish university hospitals featured in the current study was carried out in 2008-2010, and substantial variation was observed in terms of other diagnostic and treatment practices for bronchiolitis, such as the use of salbutamol inhalations, systemic corticosteroids or intravenous versus oral fluid therapies (20) . Notable variations that cannot be explained by disease severity or readmission rates have been reported from the United States and Spain (19, 21, 22) . Furthermore, the use of unnecessary treatment, such as bronchodilators, antibiotics and corticosteroids, has been associated with longer stays in hospital in the United States (19) .
A retrospective time series study from the United States revealed that, after the implementation of the American 2006 bronchiolitis guidelines, the average total costs per patient fell by $197 in the emergency room (23) . This reduction was based on the decreased use of chest radiographs and tests for viruses, as well as reductions in the medication used. Our study identified reductions in the medication costs and the time spent by the nurses who prepared and gave the inhalations of racemic adrenaline. In Tampere, the nurses' annual total working time decreased by 967 hours from 2012 to 2016, which was the equivalent of six months for one nurse working full time. The reduction meant that nurses were free to carry out other duties in these busy departments.
The impact that evidence-based guidelines and clinical practice guidelines have on everyday practice remains unclear (11, 24) . A prospective closed-loop audit study performed in the UK reported significant improvement in clinical practice after treatment guidelines were issued on the treatment of pneumonia (25) . Meanwhile, a multicentre voluntary collaboration of 21 American primarily community hospitals found that a web-based initiative that included data collection and feedback to doctors on bronchiolitis resulted in a 29% reduction in the use of bronchodilators, a 68% reduction in the use of corticosteroids and a 44% reduction in chest radiography (26) . In Finland, a limited number of doctors treat infants with bronchiolitis, which means that the implementation of the guidelines in the study hospitals was probably easier than in the case of many other illnesses or in other settings than hospitals with specific paediatric expertise. Our study showed that a certain level of harmonisation can be achieved between hospitals when national guidelines are issued. However, educational or other interventions may be needed, because significant differences in the treatment of bronchiolitis still existed, even between the university hospitals in our study, after implementing the national guidelines.
The main strength of the study was that the results were based on real consumption figures at the different paediatric units of the four university hospitals and the figures were obtained from the hospital pharmacies. However, the study had two main limitations. Firstly, no data was available to indicate why the racemic adrenaline was given to the patients, namely specific diseases and indications. We only estimated that most of the inhalations on the paediatric infection wards were given to bronchiolitis patients. Croup very rarely needs in-patient treatment in hospital (27) and patients with asthma are hospitalised less than earlier and those hospitalised with severe asthma are usually treated in an intensive care unit (28) . In any case, racemic adrenaline is only a rescue therapy for severe asthma, and it is needed very rarely. Secondly, the figures were only obtained from four university hospitals and the use of racemic adrenaline in secondary-level hospitals as well as in out-patient clinics remains unclear. However, the hospitals we studied covered more than 30% of the child population in Finland.
CONCLUSION
We found some evidence that the 2014 Finnish evidencebased clinical care guidelines on the treatment of bronchiolitis had an impact on the everyday clinical care of children with regard to reducing the use of racemic adrenaline. They also had some impact on the amount of nursing time spent preparing and administering this treatment and reduced the already modest drugs costs. Future studies should focus on the impact that evidence-based current care guidelines have on children, including assessing cost-effectiveness. Maybe such monitoring should be part of producing and updating any guidelines.
FUNDING
This study was funded by the Tampere Tuberculosis Foundation.
SUPPORTING INFORMATION
Additional supporting information may be found online in the Supporting Information section at the end of the article: Figure S1 The annual consumption of racemic adrenaline in four university hospitals in Finland in years 2012-2016 (racepinephrine 2.25% 0.5 mL doses). The lower graph shows the consumption adjusted to doses per 10 000 children under the age of 16 years.
